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their nutritive centres in the retina, and from the analogy existing
between the nerve cells of the retina and those of the spinal
ganglia we are led to attribute this nutritive power to them.

In the following part of this paper I intend to describe my
experiments in tracing the fibres of the optic tract into the deeper
parts of the brain, and the results obtained from section of the
optic nerves.

, No published record exists of the experiments last referred to, nor have I
discovered any memoranda relating to them among my father's papers.—
A.D.W.

Sachs on Multiple Sclerosis. (A Critical Digest.) Journal
of Nervous Diseases, 1898.

Multiple or disseminated cerebro-spinal sclerosis has for many
years been considered to be one of the most easily recognisable
diseases of the central nervous system. Under the leadership of
Cruveilhier and of Charoot, the French school described the disease
so accurately that there appeared to be little to add to the accounts
as given by them. The typical forms are indeed unmistakable,
but the disease appears so often under all sorts of disguises that
its recognition may be by no means easy. Moreover, the interest
in it is not exhausted by the establishment of the diagnosis, for it
has important bearings to other diseases, and its etiology and
pathology present many points for further elucidation. In America
the disease is not as frequent as in Prance and in Germany. The
time seemed ripe, therefore, for a consideration of the disease;
but we will refer only to the more important questions that have
been raised regarding it during the last few years, as the work of
preceding years has been well summarised in the publications of
Charcot, Marie, Gowers, Oppenheim, Dana, Pritchard, and Gray.

Clinical Symptoms.—The following table of symptoms, as
given by Charcot, may be taken as a starting-point for the con-
sideration of the symptomatology of multiple sclerosis. All the
symptoms are rarely present together, and, according to the pre-
dominance of the several series of the disease, assumes spinal,
cerebral, and cerebro-spinal types.
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I. SPINAL SYMPTOMS.
Tremor on voluntary movements of the extremities

— "Intention tremor" (arms and head; more
rarely of legs).

Positive. -/ Titubation.
Paresis (spasmodic) of the extremities.
Contractors, with exaggeration of the reflexes—

spastic rigidity.
/ No sensory symptoms, or only very slight diBturb-

Negatdve. ' ance.
[ Vesicle disturbance, none or very slight.

n . GBBEBBAD SYMPTOMS.

Dysarthria—slowness of speech; scanning of words.
Nystagmus—blank expression.
Attacks of vertigo—spasmodic myosis.
Transitory amblyopia—white atrophy of the papilla.
Diplopia—associated paralysis of ocular muscles.
Mental enfeeblement.
Apoplectiform and epileptiform attacks.
Difficulty in deglutition.

HE. ABNOBMAL OB UmrsuAi; SYMPTOMS.

Trophic j Muscular atrophies (amyotrophies), bedsores.
Lightning pains.
Bomberg symptom.

Tabetic Anesthetic areas.
Vesicle and rectal paresis.
Gastrio crises.

Frequent remission of all the symptoms.
Charoot recognised three distinct periods in the development

of the disease :
First period. The disease may begin with cerebral symptoms

(attacks of vertigo, transitory diplopia, scanning speech, and
nystagmus); more frequently the spinal symptoms are the first
(a slowly progressive paresis to which intention tremor is soon
added); in rare instances there is an apoplectic attack, preceded
by vertigo and headaches, and followed by hemiplegia. The
rarest of all onsets is the one with gastric crises, which are
followed by other symptoms. During the second period the
typical symptoms are developed, and after years contractures set
in. The third period is characterised by mental enfeeblement,
almost unintelligible speech, great physical weakness; finally,
vesical troubles, with subsequent cystitis, bedsores, pyeemic
conditions—death. Babinski claimed that an ascending acute
myelitis was an occasional cause of death.

Marie has insisted upon a division into four different types,
according to the mode of progression : (1) The chronic progressive
type—a very gradual increase in all the symptoms, and covering
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a period of years. (2) The chronic type, with exacerbations,
marked by the occurrence of haemorrhages, sudden amblyopia,
and the like. (3) The chronic remitting type—the progress is
very slow, with only slight exacerbations from time to time.
(4) The type characterised by permanent improvement (and even
cure ?). Almost all of the chronic disorders of the nervous system,
tabes, for instance, could be subdivided in the same way. These
divisions do not appear to be distinctive. To Charcot we owe
the recognition of imperfect forms of multiple sclerosis, in which
the symptoms that have existed have disappeared. In -these
abortive forms {formes frustes) some of the important symptoms
are never developed, and in others the symptomatology is obscured
by the occurrence of hemiplegic, tabic, or amyotrophio symptoms.
Oppenheim has at various times directed special attention to the
variability of the symptoms, the apopleotiform and vertiginous
attacks, and to fundus lesions without functional defect.

The preceding statement is sufficient to show the extreme
variability of the clinical pictures as a whole, and explains the
possibilities of mistaken diagnosis. During the past few years
some of the special symptoms enumerated in Charcot's table have
received further elucidation. Strumpell maintained that the
intention tremor of multiple sclerosis differs little, if at all, from
ordinary ataxia. The author has at present under observation
three undoubted cases of multiple sclerosis, whose movements are
distinctly ataxic. But in other patients suffering from multiple
sclerosis, the disturbance of motion is more of the nature of a
tremor. A typical tremor is often present at the beginning of the
disease, and as the disease progresses the tremor becomes coarser,
resembling ataxic movements.

Gowers in a foot-note (vol. ii., p. 548) states that ataxia tremor
is the best translation for " Intentions- Zittern " ; he chose the
term Ataxic Tremor, " because there is no ataxia without volun-
tary movements." The difference between ataxia and tremor—
a difference in degree only—can be brought out by asking the
patient to write with chalk or lead pencil, when it will be found
that the ataxic patient scarcely succeeds in the attempt to write,
while the patient with tremor writes with some difficulty and in
in a jerky fashion.

The Ocular Symptoms have been studied by Parinaud, who
reported upon the findings in Charcot's cases, and by Uhthoff,
who described with great detail the clinical and anatomical find-
ings in the eyes of patients suffering from multiple sclerosis.
Recent contributions to this special subject have been made by
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Luebbers—a pupil of Uhthoff—by Guenther, Nagel, Kunn and
Sohwarz.

The commonest symptoms are the nystagmus and the nys-
tagmus-like movements. These are most apt to appear on ex-
treme lateral movements of the eyes, and are generally associated
in character. While occasional twitching movements of the
ocular muscles may occur in healthy persons, regularly developed
oscillatory movements upon each lateral excursion are charac-
teristic of the disease, but of course it should be borne in mind
that the symptom is present in other diseases of the nervous
system.

Kunn described a condition which he calls a " fixation tremor "
setting in when the eyes are moved from vision straight ahead to
the fixation of a definite object. The same author calls attention
to a concomitant strabismus which he interprets to be a dissocia-
tion of ocular movements that were previously associated.

Luebbers mentions an exceptional case in which the nys-
tagmus appeared with converging movements of the eye. The
nystagmus may be horizontal, vertical, diagonal or rotary.
Baehlman and Schwarz dwell upon the special form of ataxia
nystagmus, which is practically an uncertainty of movement, the
eyes simply over-leaping the mark in passing from one point of
fixation to another. The same phenomenon is observed in Fried-
reich's disease, and can be distinguished from the more rapid
movements of typical nystagmus. True nystagmus occurs in a
majority of cases of multiple sclerosis (according to UhthofF, in
58 per cent., and according to Marie, in 70 per cent, of all the
cases). The variations in the percentages are accounted for by
the fact that Uhthoff draws a distinction between nystagmus and
nystagmoid movements. These oscillatory movements of the eyes
constitute, therefore, one of the most constant and reliable signs
of multiple sclerosis. They occur, however, in different forms of
congenital defective development (idiocy, hereditary spastic para-
plegia, etc.), also in Friedreich's disease, in hereditary cerebellar
ataxia, and in a few cases of syringo-myelia. This fact is respons-
ible for much of the confusion that has arisen in the attempt to
differentiate between these states.

Uhthoff states that affections of the optic nerve are frequently
associated with true nystagmus in multiple sclerosis, whereas
nystagmus alone, without such atrophy, occurs in other con-
ditions.

The cause of nystagmus according to Uhthoff is due to
lesions in the brain, and particularly in the medulla oblongata;
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but may be due to changes in the peripheral nerves. A lesion
involving the posterior longitudinal fasciculus was supposed by
some to cause nystagmus; but, as Eedlich has pointed out,
this tract has been entirely exempt in cases of multiple sclerosis
with marked nystagmus, and in some cases in which nystagmus
was absent, this same bundle was seriously affected. In all
probability, any lesion interfering, by lesions of the nuclei or of
the associating tracts, with the regular movements of the ocular
muscles, would be sufficient to account for nystagmus.

Paralysis of the ocular muscles occurs in multiple sclerosis.
It has been present in three of ten oases which have come under
Sachs' recent observation. The abducens is most commonly
affected. Next in order of frequency comes the oculo-motor
nerve, which is, however, rarely affected in its entirety. Occa-
sionally the trochlear (IV.) nerve is involved. A point of som&
importance is that these palsies are variable, disappearing in
some weeks or months, and occasionally returning again to as
marked a degree as before. The remission in this one symptom
is as characteristic of multiple sclerosis as the remission in most
of the other symptoms, and it is the occurrence of such re-
missions that makes it particularly difficult to distinguish
between disseminated sclerosis and multiple cerebro-spinal
syphilis (Oppenheim, Sachs).

Paresis or paralysis of associated movements also occurs.
The upward and downward movements are, as a rule, not
affected (Parinaud, Marie, Uhthoff, and Luebbers). Parinaud
claimed that paralysis of convergence was frequent (Uhthoff says
in only 3 per cent.). A complete ophthalmoplegia externa has
not been observed. The direct cause of ocular palsies is supposed
to be the sclerotic patches occupying the region of the various
ocular nuclei. The palsies do not appear, as a rule, until long
after unmistakable symptoms of the disease have appeared. The
pupils may be unequal, and sometimes react sluggishly to light
and during accommodation, but iridoplegia is very rare. Charcot
insisted upon the great value of this preserved light reflex in
diagnosis. Damtsoh says that the condition of hippus is often
found in multiple sclerosis.

Much more characteristic are the changes in the visual
power, in the visual fields, and in the structure of the papilla
and the optic nerves. The subjective disturbances are much
less than the objective changes. Complete blindness is very
rare, although transitory blindness has been observed (Schwartz).
Complete recovery from the visual defect of multiple sclerosis is-
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possible. According to Uhthoff, Luebbers and others, central
scotomata are most frequent. In this area the colour sense is
the one most disturbed—generally for red and green, sometimes
for all colours. These central anaesthetic areas may occur
together with the normal peripheral fields, or with a mere
diminution of peripheral vision. In some cases there may be
a peripheral contraction of the visual field with normal central
vision. Concentric limitation of the fields has been described by
Oppenheim, Thomson, Buzzard and Uhthoff, but only in cases in
which an hysterical or a functional condition was superimposed
upon disseminated sclerosis. There is usually a disproportion
between the visual defect and the ophthalmosoopic appearances.
In one of Luebbers' cases the visual defeot was in keeping with
the changes in the papilla, but in two others there was only a
very slight atrophy of the papilla, and yet vision was much
diminished and the visual fields were distinctly affected. In still
another instance there was a marked functional disturbance
without ophthalmoscopic change. A few other authors have
described distinct changes in the papillae without any functional
disturbance. The visual symptoms generally appear long after
the others have been devoloped, but may come on with extreme
suddenness (Uhthoff and Buss).

Gowers and Marie have called attention to the fact that the
visual disturbance of multiple sclerosis may be unilateral.

Ophthalmoscopic examination has revealed several peculiar
changes. Complete atrophy of the optic nerves is very rare.
Uhthoff found it in only 3 of 100 cases. The rarity of this is
worthy of note, and is probably due to the frequent preservation
of the axis cylinders, in spite of the destruction of the medullary
sheath. Incomplete atrophy—discoloration of the entire papilla—
the peripheral parts being more distinctly altered than the nasal
half, occurs in about 50 per cent, of all cases. Atrophy of the
temporal halves of the papillsB is almost pathognomic of multiple
sclerosis. Charcot insisted that the papilla retained a yellowish
color in contradistinction to the white appearance in the atrophy
of tabes. Optic neuritis has been found in a number of cases (in
three of Luebbers' cases). Partial temporary atrophy is, ac-
cording to Uhthoff, a common symptom in toxic amblyopias
(tobacco and alcohol); but in these the atrophy is always bilateral,
whereas it is frequently unilateral in multiple sclerosis. This
special resemblance to the intoxication amblyopias is of interest,
if we remember that multiple sclerosis has been shown to be at
times of toxic origin.
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The anatomical examination of the eyes (Uhthoff, Luebbers,
and others) has revealed conditions as variable as are the
functional disturbances. It has been shown that there are
widespread atrophic ohanges in the optic nerves, depending
probably upon the proliferating process emanating from the
connective tissue, and gradually involving the nerve fibres;
the sheaths are often destroyed, but the axis cylinder is, as
a rule, not affected; in other words, the process is interstitial
in origin, the changes in the nerves being secondary. In con-
sequence of this preservation of the axis-cylinders, the secondary
degeneration does not ensue, and the nerve fibres*preserve their
function.

The sclerotic changes in the optic nerves are much the same
as in the other parts of the central nervous system. The next
question is, whether or not the changes in the connective tissue
are due to the disease of the blood-vessels. It is probable that
the process begins differently, according to the varying etiology of
the cases. Uhthoff, Buss, Taylor and others have paid attention
to the behaviour of the blood-vessels. Several of these writers
have found an increase in the number of the finer blood-vessels,
and a change in their walls, followed by a proliferating process in
the surrounding tissue.

Nolda, who studied the relations of multiple sclerosis to
infectious diseases, thinks that the sclerotic patches take their
origin from the walls in the blood-vessels. Luebbers, in com-
paring the changes in multiple sclerosis with those found in the
primary optic atrophy of tabes dorsalis, finds that in multiple
sclerosis there is more of a focal degeneration than in tabes, and,
above all, there is in tabes no such number of normal axis-cylinders
as in multiple sclerosis. The optic atrophy of tabes is due to the
primary degeneration of the optic nerve fibres, while in multiple
sclerosis the atrophy is the result of an interstitial neuritis, and
this in turn may be due to a disease in the blood-vessels. In
multiple sclerosis, it may be added, the retinal elements are not
affected.

Scanning speech has long been considered a characteristic
symptom of multiple sclerosis; but it is not the only speech
disturbance in this disease. Putting it broadly, almost every form
of dysarthria is possible in multiple sclerosis, for the disturbance
is due to lesions in the pons or medulla interfering with the
speech mechanism. Leube found a disturbance of innovation of
the vocal cords in one instance, and Sachs has seen a typical case
of the disease in which the opposition of the vocal cords was so

VOL. XXI. 18
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imperfect that the patient spoke in whispers. In other casea
nasal speech has been noted, and in still others true bulbar speech
has been reported. There is often an evident speech tremor not
unlike that observed in the early stages of general paresis, and
resembling the peculiarities of speech in some patients suffering
from EYiedreioh's disease. Disturbances of articulation, if ex-
cessive, are apt to be associated with other symptoms pointing to
an involvement of the various nerve nuclei in the pons and the
medulla oblongata (cases of Joffroy, Leyden, Berlin, Fuerstnar,
Bedlich and others). If these symptoms predominate, they
constitute the special bulbar form of multiple sclerosis. This-
type was carefully considered by Hallopeau.

An interesting example of this class of. cases was recently
reported with an autopsy by Schuster and Bielchowsky. In this-
instance nasal speech was associated with paresis of the left arm
and the left leg, with dyspnoea, headaches and double vision.
There was also divergent strabismus of the right eye, as well aa
paralysis of both 6th nerves. The pupils and fundi were normal.
A focal lesion in the pons was suspected, but the autopsy re-
vealed multiple sclerotic foci in the pons and medulla and in other
parts of the brain.

Aside from the peculiarities in the development of single
symptoms, abnormalities occur in the development of the entire
clinical picture of multiple sclerosis. In the literature of the
subject the formes frustes, or aborted types, of multiple
sclerosis, have given rise to considerable discussion. It is well to
bear in mind that there is no regularity in the development of
sclerotio patches, whence it follows that departures from the
typical forms of the disease are frequent. Slightly irregular
forms do not, therefore, deserve the designation formes frustes.

Charcot was the first to dilate upon these special types,
referring particularly, (1) to cases in which certain symptoms,
which had existed, had disappeared; (2) to cases of which the
symptomatology had never been complete—such cardinal symp-
toms as the tremor or the nystagmus never having developed;
(3) to cases in which the type has been altered by the in-
tervention of other symptoms of a hemiplegio, tabic or amyo-
trophic order.

The establishment of the formes frustes has opened the door
to diagnostic errors ; for the multiple sclerosis may appear under
the guise of an hemiplegia, of a transverse myelitis, or of an
amyotrophio lateral sclerosis. In Sachs' opinion the diagnosis of
multiple sclerosis should be made only if the cardinal symptoms-
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of the disease, such as nystagmus, scanning speech, intention
tremor are present in addition to the other symptoms of myelitis,
hemiplegia, etc. The variability of the symptoms (Oppenheim)
and the recurrent apoplectic and vertiginous seizures argue in
favour of multiple sclerosis. Oppenheim has laid stress upon
the occurrence in such cases of the characteristic changes in the
fundus, with little or no functional impairment of vision.

Apoplectic attacks may occur in the course of a multiple
sclerosis, but occasionally hemiplegia is developed slowly at the
outset of the disease, and is then scarcely to be differentiated
from other forms of apoplexy ; excepting that in these cases which
affect men and women in middle life the usual etiologioal factors
of an apoplectic seizure, cardiac disease, or specific endarteritis
are generally absent. If the person who has suffered from an
apoplectic attack develops marked nystagmus, scanning speech,
or ataxic movement in the paralysis of the upper extremity, we
may suspect multiple sclerosis. Cases of this character have been
described by Werner, Bikeles and others. The question arises
whether these apoplectic attacks in multiple sclerosis are due
to vascular disturbances or to a peculiar localisation of the
sclerotic patches. Sachs (with Charcot, Eedlich and Babinski)
believes that these forms are due to the early development of
sclerotic patches in the pons and medulla oblongata, although
Taylor has shown that such patches also occur in the cortex
and other parts of the brain. Witzel has published a case in
which there was a crossed paralysis of the facial and abducens
nerve of the opposite side.

Many writers have conceded the occurrence of acute and
chronic cases of multiple sclerosis, presenting none but spinal
symptoms (Boumeville, Gu6rard, Leyden and Oppenheim have
recorded cases of acute, transverse myelitis which were eventually
proven to be cases of multiple sclerosis). In the absence of the
ordinary etiological factors (transverse myelitis trauma, syphilis,
vertebral disease) we may suspect disseminated sclerosis, but the
cardinal symptoms of the disease only can prove the suspicion.

The purely spinal and chronic forms may simulate a spastic
spinal paralysis. For months, and even years, no other symptoms
may be forthcoming. No doubt, some of the cases of primary
lateral sclerosis were in reality early forms of multiple sclerosis.
Cases of this description have been reported by Krueger, Onnerod,
Lapinski, and Bedlich. Sachs saw a very typical case of this
character at the Policlinic. In all such cases the occurrence of
the characteristic changes in the fundus will lend valuable support
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to the diagnosis of multiple sclerosis. Multiple sclerosis may
easily be confounded with other diseases, above all with cerebral
spinal syphilis (Oppenheim, Sachs and others). The remissions
in the symptoms, the preponderance of the spasticity over the
paralysis, the apoplectic seizures are common to both diseases.
Greater stress should be laid upon the pupillary changes in
syphilitic affections (absolute immobility, unilateral pupillary
symptoms, and irregular contour of the pupils), and the presence
in multiple sclerosis of nystagmus, intention tremor, and scanning
speech, which are rare in syphilis of the brain and of the spinal
cord.

There is usually no difficulty in differentiating between multiple
sclerosis and paralysis agitans; but Schultze and Sachs have
reported upon cases in which the symptoms of multiple sclerosis
have been associated with those of paralysis agitans; in one
young patient of the latter, who exhibits most of the symptoms of
paralysis agitans, there are also a nystagmus and marked nasal
speech. In another patient, whose oondition was at first
diagnosticated (by competent observers) as functional tremor,
then as intention tremor of multiple sclerosis, later developments
have shown the disease to be a typical paralysis agitans. In
view of such experiences, we may maintain that the clinical
distinction between multiple sclerosis and paralysis agitans is
not as absolute as it has been supposed to be since the days of
Charcot.

Hysteria may simulate multiple sclerosis. More often
hysterical symptoms are present in addition to those of multiple
sclerosis. The differentiation will depend largely upon the
presence of such distinctly hysterical stigmata as are foreign to
the pure type of multiple sclerosis. Westphal's two cases, in
which the anatomical changes were wanting, although the patients
exhibited all the symptoms of the disease, have led to much dis-
cussion. French writers have called them hysterical without
much hesitation, and Striimpell speaks of a separate form of
pseudo-sclerosis, bringing under this head what appears to us a
rather heterogeneous number of cases. He has allied with this
form a diffuse sclerosis of ohildren ; but the clinical types which
he attempts to establish need careful examination before they can
be adopted.

As to multiple sclerosis in early life, the differential diagnosis
between it and other diseases of infancy presents so many diffi-
culties, that much care should be exercised. In a recent article
by Striimpell, in which the author challenges criticism on other
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points, he very properly insists that the diagnosis of multiple
sclerosis in children is not certain, unless corroborated by post-
mortem findings.

The first case of multiple sclerosis in a child appears to have
been described by Schuele (1871). This was followed by reports
of Dreschield, Bristowe, and Ten Cate Hoedemaker. Marie, in
1883, reported upon cases of his own, and collected 13 in all.
In 1887 Unger had increased this list to 19. Six years later,
Totzke, reporting two cases of his own, tabulated 39 in all. One
case was reported in Sachs' work on the " Nervous Diseases
of Children," which Stieglitz has, through a printer's error, called
a doubtful case in the latest publication on this subject. Stieglitz
cites three cases of his own, and tabulates 35, evidently excluding
some which he considered doubtful. In addition to those diseases
•of the adult which enter into the discussion of the differential
diagnosis, such as syphilis, transverse myelitis, hysteria, we
must especially consider the infantile spastic palsies, hereditary
spinal ataxy (Friedreich's disease), hereditary cerebellar ataxy,
and hereditary spastic paralysis—the last has been omitted from
Stieglitz's carefully prepared list.

As for the infantile cerebral palsies, the ordinary paraplegias
(birth cases and cases of defective development) will generally
be ruled out by the history of early onset, by the frequent
occurrence of convulsions, and by defective development, which is
more marked than in cases of multiple sclerosis.

The acute hemiplegias, with their characteristic symptoms,
cannot give rise to any confusion. Doubts could be entertained,
however, with respect to the cerebral diplegias. Nystagmus is
common enough in these; intention tremor, or, rather, ataxic
movements, are observed frequently, and disturbances of speech
(bradylalia) are very common. It is very rare, on the other hand,
to find any two of these symptoms in a case of diplegia. Further-
more, it should be remembered that a cerebral diplegia of an acute
onset is a rare occurrence, and rarest of all in patients beyond the
age of five to seven years. These cerebral diplegias present
extreme contractures and post-paralytic disturbances of motion
(athetosis and the like), which seldom occur in multiple
sclerosis.

Of the large number of cases of cerebral diplegia which Sachs
has seen, there has not in a single instance been reason to suspect
the presence of multiple sclerosis. In making the diagnosis, the
entire congeries of the symptoms should be considered, and not
any one clinical sign. Stieglitz says, correctly, that the question
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is whether infantile cerebral palsy has been excluded in cases
diagnosticated as multiple sclerosis.

From Friedreich's disease differentiation is generally easily
made, although every now and then patients come under one's
observation whose clinical symptoms may leave some doubt as to
the presence of one or the other of these diseases. A resemblance
may be due to the peculiarities of speech, to the awkward move-
ments of the upper extremities in Friedreich's disease, which may
simulate an intention tremor, and to the presence of nystagmus ;
but the condition of the reflexes in disseminated sclerosis, the
optic atrophy and the absence of true ataxia of the lower extremities
will help to establish the differential diagnosis. In Friedreich's
disease the disturbances of speech are rarely of the typical
scanning order.

Sachs had an adult patient in whom the symptoms pointed
to Friedreich's ataxia, and yet there was a bare possibility of
his having a bulbar form of multiple sclerosis. This patient
was 39 years of age, his past history was good, without any
evidence of preceding syphilis. At the age of 20 he was weak
in the knees, and frequently made mis-steps. In 1887 he had
sought medical advice because of difficulty of locomotion, noticed
especially in climbing stairs. When examined in March, 1895,
he complained chiefly, while walking, of weakness in the extremities
and slight difficulty in speech. He exhibited an ataxic spastic
gait and static ataxia. The pupils reacted to light and accommo-
dation ; knee-jerks absent; distinct ataxia of the right upper
extremity; speech midway between slow and bulbar; slight
atrophy of the optic nerves. The case was at first supposed to
be one of locomotor ataxia, but the further development of the
disease showed that it was either Friedreich's ataxia or a bulbar
form of multiple sclerosis. The intention tremor, the optic atrophy,
and the peculiarities of speech, would be in harmony with the
diagnosis of multiple sclerosis ; but the absence of the knee-jerks,
ataxia of the upper extremities, which was not a typical intention
tremor, and the normal behaviour of the pupillary reflex, were
in keeping with Friedreich's ataxia, which appears, however, as
a rule, early in life. The first symptoms in this patient's case
appeared at least as early as the age of 20 years, and possibly
earlier.

Still more difficult is the differentiate of multiple sclerosis from
hereditary cerebellar ataxia (type, Nonne-Marie). This is well
illustrated by Stieglitz's Case 2, in which the diagnosis of multiple
sclerosis hangs by a hair, and the author himself does not appear
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to be firmly convinced of the diagnosis. If a previous history
of ptosis, of a paresis of the internal rectras muscle and the
Rhomberg symptom do not support the diagnosis of hereditary
cerebellar ataxia, it is also certain that swaying of the body, with
the eyes open and closed, is not very usual in multiple sclerosis.
In a case like this, as well as in the one cited above by Sachs,
the post-mortem examination alone will satisfactorily determine
the nature of the disease. It is well to insist again upon the fact
that the mode of onset, the time of life at which the disease is
developed, as well as the history of some preceding illness, will
often help us to differentiate between the two diseases.

Hereditary, spastic paralysis, as described by Newmark,
Pelizaeus, and others, should be considered in this connection.
There is a striking resemblance in the symptoms, but nystagmus,
intention tremor, and scanning speech are not typical of the
hereditary form of spastic paralysis. Only a few months ago a
boy, 12 years of age, came under my observation, who, after a
fright, had developed marked spastic paralysis of the lower ex-
tremities, with slight ataxio movements of the right upper
extremity, and a peculiarity of speech, which was slow and
deliberate, rather than scanning. There was no nystagmus, no
pupillary abnormalities, no optio atrophy—in short, no symptoms
that were at all characteristic of multiple, sclerosis, except the
speech. In this case the fact that the boy was absolutely well
until the age of 12, that there was no history of any similar
occurrence in any member of his family, and that the disease came
on in rather abrupt fashion, argued largely in favour of multiple
sclerosis; and yet, but for the slight ataxic movements of the
right upper extremity and the peculiarities of speech, there was
little to throw the balance in favour of disseminated sclerosis.
In cases of this description time is needed for the development of
further symptoms, which will enable one to establish a diagnosis
with some degree of certainty.

Etiology.—The author protests against the supposition that the
disease, occurring at widely different periods of life, should or
could be due to one cause only. The study of the subjeot has led
him to the belief that there are several and equally important
causes whioh may give rise to multiple sclerosis. Charcot and his
immediate followers recognised the importance of exposure to
cold and wet, and we may well concede that occasionally it is the
refrigeration process, and not a mere wetting, whioh may be the
cause of the disease. The same school admitted also traumatism
and emotional depression. Mendel, basing his views upon four
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cases of his own and a collection of 24 others taken from literature,
is in favour of traumatism, of late years several authors have also
contended for this origin of tabes. Mendel concedes that there
must be an acquired or congenital predisposition to the disease.

As to the emotional origin the author speaks of a young girl
of 18, who developed typical multiple sclerosis after the death of
a parent; and of a boy of 12, who had been frightened by a
fire occurring near his dwelling.

The earliest writers have recognised that disseminated
sclerosis, in contradistinction to paralysis agitans, is a disease of
early life, the majority of cases occurring before the age of 30, and
some of them before the age of puberty. During the past ten
years much has been made of the occurrence of the disease in
children; but the majority of cases should be looked upon with
some reserve, though the disease may possibly occur. Women
were supposed to be subject to the disease more frequently than
men. In 39 cases collected by Berlin, 26 were women and 13
men. Such differences may have been accidental, for later sta-
tistics have shown a very different relationship between the sexes.
In Nolda's collection of 36 cases, occurring in early life, 16 were
boys and 10 girls. In Krafft-Ebing's collection there were 58
males and 42 females. In Eedlich's experience the number was
almost equally divided between men and women—12 males and
11 females. In Stieglitz's statistics there were 17 males and 17
females, the sex of one case not being mentioned. In the 15
oases seen by the author the ordinary division has been entirely
reversed, for of these, 10 were males and only 5 females. Such
smaller statistics are subject, however, to accidental variations,
and it would not be fair to infer from them that the disease
shows any distinct preference for sex.

Of late years the occurrence of multiple sclerosis after in-
fectious diseases in early life has led to the theory of its infectious
origin. As long ago as 1878, Leyden insisted upon the importance
of preceding infectious diseases. Other authors referred to its
occurrence after typhoid fever (Bbstein, Kahler, Pick, Westphal
and others); after cholera (Joffroy); after smallpox (Charcot);
but Marie has been the warmest advocate of the theory of the
infectious origin of multiple sclerosis, and he contended more
particularly that the primary change was to be looked for in
disease of the blood-vessels. According to Eedlich, who has
gone over this part of the subject very thoroughly, up to the year
of 1897 cases in support of this view were cited by Schoenfeld
(after diphtheria), by Massolongo (after influenza), by Holland
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(after phlegmonous angina), by Williamson (after rheumatism),
by Torti and Angelini (after malaria). Redlich cites a case of
polyneuritis of a boy of 17, coming on after a sore throat. The
clinical symptoms in this case gradually passed into those of multiple
sclerosis. Henschen refers to a case of a girl of 14, who developed
the symptoms of multiple neuritis after diphtheria, death ensuing
after three months. At the autopsy he found multiple sclerosis
and degeneration in the peripheral nerves. This case needs
careful interpretation, for it is, at least, questionable whether or
not multiple sclerosis existed for some time before the diphtheria.
The rapid development and early death make the case an entirely
exceptional one.1

Among more recent authors, Oppenheim, Leyden, Gold-
scheider, and Sachs have favoured the occasional infectious
origin of the disease, but do not feel warranted in supposing this
etiological factor to be far more important than many others.
Marie's views have been opposed more particularly by Eedlioh
and Rrafft-Ebing. In the 15 cases observed by Sachs only two
came on after infectious diseases, and in both of these so long
after such a disease that a direct relation, as of cause and effect,
could not be established. It is well to bear in mind, however,
that if infectious diseases were the chief cause of multiple
sclerosis, the vast majority of cases should come on before the
age of 15, and such is not the case.

Oppenheim has directed attention to the large number of
cases of multiple sclerosis in which chronic metallic poisoning
seemed to play a rather important part, basing his views upon
the frequent occurrence of multiple sclerosis in those who work
in factories in which toxic chemical substances are used—such
as lead, tin, aniline dyes, and the like. It was Oppenheim, too,
who referred to the importance of a puerperal condition as a
predisposing cause.

It may be asserted with some degree of assurance that
syphilis is not an important etiological factor, although Jacobson,
Moncorvo, and Pilatow have cited cases in which hereditary
syphilis was present, and some others (Michaelow and Schuster)
have referred to acquired syphilis; but Redlich and Sachs have
noted that multiple sclerosis and multiple cerebro-spinal syphilis

1 Jurgens (Berliner hi. Woclienschrift, April 4, 1898) reports upon the case
of a ohild, six months old, that had had convulsions at the age of three
months; repeated convulsions with paralysis of right arm. Child died in
convulsions. The brain contained "sclerotic patches," in which protozoa
were found similar to those found in patches in the heart. The finding
is of interest, but it has no bearing upon multiple solerosis.
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have so many symptoms in common that the differential diagnosis
is not easily established. Whether or not the disease be distinctly
hereditary is still in doubt, although Eiohhorst has published two
cases in which the disease occurred in mother and child. Its
occurrence as a family disease haa been noted by Friedreich
and Erb (according to Krafft-Ebing and Redlich), and Totzke
has mentioned the occurrence of the disease in two members of
the same family. But the question naturally arises, since these
cases were not substantiated, whether they may not have been
cases of hereditary spastic paralysis.

The latest contribution to this subject has been made by
Blumenreich and Jacoby, who report on 29 cases of multiple
sclerosis—23 in males and 6 in females—and in these cases
the infectious diseases, intoxications, and traumatisms have been
the chief etiological factors. They are of the opinion that the
original cause may have preceded the outbreak of the disease
for many years, and that the disease may even be of congenital
origin. It is somewhat surprising to find that alcoholic and
sexual excesses are not cited as occasional etiological factors
of some importance; for, in the present writer's experience, two
cases seemed to be the result of previous alcoholic excess, and
in three now under observation no other factor except prolonged
sexual excesses can be found. In these three cases, moreover,
the clinical symptoms are so typical that there can be no doubt
of the existence of multiple sclerosis.

A little reflection regarding the etiology of multiple sclerosis
necessarily leads to the conclusion that many different causes
may be at work resulting in the development of the disease,
provided there is a predisposition to the disease. Sachs does
not agree with Bedlich in refuting Striimpell's theory of the
endogenous character of multiple sclerosis, and thinks that for
a large number of cases, particularly for those occurring early
in life, some slight defect in the original development of the
central nervous system must be held responsible for the outbreak
of the disease, and that the other etiological factors so frequently
referred to are to be regarded as the exciting causes. If we
adopt this view, the usual resemblance between the cases of
multiple sclerosis developing early in life, and the various forms
of hereditary and family affections observed at that period, can
be interpreted more readily.

Sachs also had occasion to observe several cases in which
a distinct neurasthenic condition, due to overwork, preceded the
development of the symptoms of multiple sclerosis. According
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to Edinger's theory,1 the development of a sclerosis following
upon functional exhaustion does not appear to be at all anomalous.
In a patient, a music teacher, a functional tremor first appeared
in the right hand; this was followed by a distinct intention
tremor, and from this stage the symptoms passed into those of
a typical paralysis agitans. Altogether, the relation of functional
to organic nervous diseases would appear to need further attention,
for the same sequence of events has no doubt been observed
by others, and it is not to be supposed that the diagnosis of
a preceding functional condition was erroneously made. Some
of the mooted points regarding the etiology of multiple sclerosis
acquire additional interest, if we consider them in connection
with a discussion of the morbid anatomy and pathogenesis of
the disease.

Pathological Anatomy and Pathogenesis.—The irregular sclerotic
patches (plaques) occurring in different parts of the central nervous
system constitute the chief anatomical feature of the disease.
These " plaques " represent the terminal condition of a morbid
process often lasting through a period of years; but a study of
" late stages " has helped us a little toward an understanding of
the morbid anatomy of multiple sclerosis, as has been the case in
regard to poliomelitis. The process can be understood only if
studied in its earliest stages. Such studies have been made by
Ribbert, Cramer, Bikeles, Taylor, and Goldscheider.

With some slight exception, the general agreement has been
reached that the blood-vessels play an important part in the
initial stages of the disease. Goldscheider describes the condi-
tions as presented by a patch in the cervical portion of the spinal
cord. The blood-vessels are dilated, and the adventitia is infil-
trated with small cells and with considerable detritus. In the
vicinity of these blood-vessels the nerve fibres are swollen, the
sheath and the axis-cylinder participating in the swelling. The
medullary sheath suffers more than the axis-cylinder; at least,
every cross-section exhibits a number of naked and well-preserved
axis-cylinders. Goldscheider supposes that the enlarged nerve
fibres crowd against each other, causing the disintegration and
absorption of the myelin of some fibres, thus leaving room for
other fibres to persist in their enlarged (swollen) condition. The
changes thus far described are not unlike those occurring in an
ordinary acute myelitis.

1 This theory appears to have received experimental proof; cf. Reports of
the Cougress f. innere Hed. Wiesbaden, 1898.
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Taylor is of the opinion that we are not warranted in con-
necting the vascular changes directly with the sclerotic process,
for the patches are not always related to the diseased vessels, and
in many plaques the blood-vessels are entirely normal, and
other portions of the vascular system show no tendency to
disease.

As early as 1863 Rindfleisch maintained the importance of
disease of the blood-vessels. According to him, each plaque
contained in its centre a blood-vessel with changed walls,
denoting a condition of chronic inflammation. Borst found
marked changes in almost every blood-vessel (hyaline degenera-
tion, narrowing, thickening of the walls, etc.). He also found a
condition of hyperlymphosis and lymphstasis, which he supposed
caused a destruction of the medullary sheaths ; but his views
lack support. Eedlich found changes in the larger blood vessels,
and even in the capillaries; the neuroglia tissue is easily affected
in the immediate vicinity of the blood-vessels, leading at times
to a perivascular sclerosis. Ribbert found in two blood-vessels
thrombi consisting of leucocytes. A plugging of blood-vessels
was also noticed by Redlich ; but these findings only prove that
the vascular system is diseased in some instances. Other reports
show that the blood-vessels often remain entirely normal. The
inference to be drawn is that, while the blood-vessel may be the
starting-point of the morbid process in some cases it need not be
so in all. The final results are the only ones that are entirely
similar in all cases; but there is a difference of opinion as to
the intermediate stages by which these are reached. Thus, in
Goldscheider's case the nerve fibres were the structures particularly
affected; while in Ribbert's case the neuroglia were chiefly
affected, and there was no swelling of the nerve fibres.

If the nerve fibre becomes involved, it is no doubt true, as
was recognised by the earliest investigators (Rindfleisch,
Charcot, Leyden, Schultze) that the medullary sheath is easily
destroyed, while the axis-cylinder remains normal. Popoff alone
contends that the axis cylinder is also destroyed, but that it is
regenerated. This may occur at rare intervals ; it is much more
rational to assume that the axis-cylinder is not destroyed, and
the preservation of normal axis-cylinders in a mass, exhibiting
any number of disintegrating medullary sheaths, argues in favour
of this view. The preservation of the axis-cylinder is responsible
for the lack of secondary degeneration in multiple sclerosis.
Buss has recorded an ascending degeneration of the columns of
Goll, and of the direct cerebellar tract from the eighth cervical
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segment into the medulla oblongata. These observations need
further corroboration.

It has been assumed by Bedlioh and others that the fine
fibrils which Popoff took to be regenerated axis-cylinders are part
of the proliferating neuroglia tissues. It is also significant that
Weigert, whose opinion is of the highest value in this matter,
insists that the proliferation of neuroglia tissue is more marked
in multiple sclerosis than in any other disease. This statement
militates against the view of Lapinsky, that the fine fibrils dis-
covered in the plaques are connective tissue formations issuing
from the medullary sheaths, and are not neuroglia fibres.
Eedlich, using Weigert's neuroglia stain, has found that the
proliferating interstitial tissue consists of neuroglia fibres of
varying sizes. Huber admits slight changes in the neuroglia,
consisting chiefly of lacunas, due to the loss of nerve fibres, and
of the presence of detritus and granular cells ; the process is of
parenchymatous origin, the ohanges in the neuroglia and in the
blood-vessels being secondary. Adamkiewicz supports the theory
of the primary affection of nerve fibres.

If the neuroglia be affected, primarily or secondarily, its cells,
as well as its fibres, undergo proliferation. Eedlich maintains
that the neuroglia changes may be exhibited in various ways :
(1) The increase is largely due to the increase of neuroglia fibres,
which gradually form a network of fibres, in which only slightly
altered nerve fibres will be found. As these neuroglia fibres
grow broader and broader, the network becomes denser. (2)
In some patches the network is not so dense, the neuroglia cells
and their processes being the most pronounced features, while
the nerve fibres have dropped out. This appearance is entirely
similar to the account given by Huber, to which we have referred
above.

Fuerstner says that the neuroglia cells are developed from
leucocytes, thus reconciling the opinions that the disease is a
parenchymatous affection and that it is of vascular origin. The
actual participation of the neuroglia tissue has acquired greater
interest, in view of Striimpell's recent theory that the disease is
due to a primary proliferation of the neuroglia, that multiple
sclerosis is practically a multiple gliosis, and that it belongs to
the order of endogenous affections which are excited by acci-
dental causes, such as injuries and infectious diseases. Ziegler
appears to have entertained a similar view (Kedlich).

To complete the record of historical changes, we may add
that Gowers referred to the involvement of the ganglion cells in
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the earlier stages of the disease; while Taylor states very posi-
tively that the ganglion cells do not become affected until the
late stages of the disease have been reached. The changes as
described, by Taylor in three cases of his own are : Considerable
pigmentation, filling up the entire cell body, which is unusual in
healthy young individuals; the nuclei are generally wanting;
the nerve processes are well preserved; a diminution of cells.
Koeppen found the ganglion cells normal. Obersteiner allowed
that the ganglion cells may exhibit changes similar to those
found in myelitis.

The patches of disseminated sclerosis present a bluish-gray
appearance, and are sometimes slightly elevated ; at other times
the parts in which they occur appear shrunken and contracted.
The question has arisen whether there is any rule governing the
distribution of the plaques. By some it was supposed that the
brain or the spinal oord may be affected singly. Charcot sup-
ported the view of a spinal form of multiple sclerosis. Erb
accepted this on clinical grounds only. Charcot, Strumpell, Erb
and many other writers considered that the white substance of
the brain and spinal cord was the favoured site; that the gray
matter was rarely involved. Charcot believed that the cortex of
the brain and cerebullum is rarely affected. Taylor finds : (1)
White and gray are affected without distinction. (2) There is no
especially favoured site for the development of the sclerotic foci.
(3) The cortex of the cerebrum and of the cerebullum is not
exempt. The points (1) and (2) cannot be accepted uncondi-
tionally, as such statements must rest upon the examination of a
larger number of cases. Charcot believed that the auditory, the
olfactory and the optic nerves axe the only cranial nerves affected;
others (Cruveilhier, Skoda, Taylor) have found all, or almost all,
involved. It is well known that the motor and sensory roots of
the spinal nerves are often diseased, and Taylor has demon-
strated the occurrence of a marked degeneration of the nerve
fibres in the cauda equina.

The sclerotic patches may occur anywhere, but there can be
little doubt that they do occur most frequently in the dorsal half
of the pons, of the medulla oblongata (whence the occurrence of
" bulbar forms"), in the white strands near the periphery of the
cord and in the gray matter near the central canal. Obersteiner
believes that the patches are lessened in number as we approach
the lumbar portion of the cord. Leyden and Goldscheider de-
scribe a condition of diffuse sclerosis, or of a diffuse chronic
myelitis, due to the confluence of numerous foci in the spinal
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cord. These authors also describe a purely spinal form of
multiple sclerosis, which is the representative of the old-time
chronic myelitis.

The sclerotic patches appear, on macroscopical examination,
to be sharply differentiated from the surrounding healthy tissue,
but, microscopically, the transition is a gradual one. Taylor has
shown, however, that the division between healthy and diseased
tissue may be strictly denned, and the same is true in
Qoldscheider's case.

The pathogenesis of multiple sclerosis is still obscure. In all
probability there is no single mode of origin. Charcot believed
that the disease was due to an interstitial inflammation, with a
special proliferation of the neuroglia, the destruction of the
parenchyma being secondary to this. Charcot, after Bindfleisoh,
ascribed some importance to the blood-vessels, and regarded them
as a source of irritation. Marie published his views regarding
the infectious origin of disseminated sclerosis, the exciting agents
being carried through the blood-vessels. Kibbert thinks some
noxious substances conveyed by the blood, set up circumscribed
inflammatory lesions in different parts of the central nervous
system. Mendel explained the traumatic etiology of some cases
through the agency of blood-vessels. Fuerstner brought the
blood-vessels into play by making them primarily responsible for
nutritive disturbances in the nerve cells and fibres. Goldscheider
says: " I believe I shall describe the nature of the morbid pro-
oess most correctly by assuming the existence of a perivascular
inflammation which injures the neighbouring nerve structures,
causing more especially a disintegration of the medullary sheath,
but allowing the axis-cylinder to escape. Later on, in the course
of the disease, a reactive interstitial proliferation is established."
He regards multiple sclerosis as a form of disseminated myelitis.
Koeppen, Huber and Taylor do not attach so much importance
to the blood-vessels, and Eedlich is not convinced that the disease
is always of inflammatory origin.

The vascular theory has been opposed by others. Adamkie-
wicz regards the disease as a parenchymatous degeneration.
Weigert believes that the neuroglia changes are secondary to the
affections of the parenchyma, and Striimpell, as we have seen, is
inclined to regard the disease as being due, primarily, to a
peculiar defective (?) development of the neuroglia, which is made
evident in later years by especial exciting causes.

We must conclude that there is some truth in several of the
views advanced. We believe that the vascular theory holds good,
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particularly for the cases developed after infectious diseases, after
injuries, etc.; and, according to the intensity of the toxic agent,
the nerve fibres or the neuroglia may be attacked first. This is
in agreement with views expressed by Redlich. Congenital
anomalies (Ziegler, Striimpell) may make the central nervous
system an easier prey for the various toxic agencies and other
injuries. But there still remains a considerable number of oases
which would seem to depend rather upon functional exhaustion,
and such exhaustion might affect primarily the nerve elements of
the central nervous system. For such cases the assumption of a
parenchymatous affection would be most plausible.
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